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It is intended to provide a nonhuman model animal 
unresponsive to a synthetic compound whicli lacks a 
gene function encoding TLR7 recognizing an 
immunopotentiating synthetic compound such as 
imidazoquinoline on its chromosome. A gene fragment of 
the whole gene sites including the intracellular 
domain and the transmembrane domain or a part thereof 
of a TLR7 gene obtained from a mouse gene library is 
substituted by a plasmid having polyA signal and a 
marker gene to construct a targeting vector. Then this 
targeting vector is linearized and transferred into 
embryo stem cells. The target embryo stem cells 
lacking the TLR7 gene function are microinjected into 
a mouse blastocyst to construct a chimeric mouse. Then 
this chimeric mouse is crossed with a wild type mouse 
to give a heterozygote mouse. Next, the heterozygote 
mouse is intercrossed and thus a TLR7 knockout mouse 
is obtained. 
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ABSTRACT 

The present invention relates to provide a non-human 
animal model unresponsive to a synthetic compound wherein 
a gene function encoding TLR7 that recognizes an 
immunopotentiat ing synthetic compound such as 
imidazoquinoline lacks on is genomic locus. Whole or part 
of a gene fragment of a gene site including an intracellular 
region and a transmembrane region of a TLR7 gene obtained 
from a mouse gene library is replaced by a plasmid including 
poly A signal and a marker gene to construct a targeting 
vector. Then^ this targeting vector is linearized and 
transferred into embryonic stem cells* The target embryonic 
stem cells wherein the TLR7 gene function is deleted are 
microin j ected into a mouse blastocyst to generate a chimeric 
mouse . Then ^ this chimeric mouse is crossed with a wild- type 
mouse to generate a heterozygote mouse. Next, the 
heterozygote mice are intercrossed to obtain a TLR7 knockout 
mouse . 



44 



CA 02468011 2004-05-21 



DESCRIPTION 

TITLE OF THE INVENTION 

NONHUMAN MODEL ANIMAL UNRESPONSIVE TO IMMUNOPOTENT lAT ING 

SYNTHETIC COMPOUND 

Technical Field 

The present invention relates to a non-human animal 
model unresponsive to synthetic compounds such as 
imidazoquinoline group compound R-848 and the like, wherein 
a gene function encoding TLR7 that recognizes synthetic 
compounds specifically such as imidazoquinoline group 
compound R-848 and the like lacks on its genomic locus, a 
screening method for substances for inhibiting or promoting 
a response to synthetic compounds such as imidazoquinoline 
group compound R-848 by using these non-human animal model, 
and a screening method for an immunopotentiat ing synthetic 
compound and the like. 

Background Art 

A Toll gene is known to be necessary for patterning 

4 

dorsoventral axis while an embryo is developing in Drosophila 
(Cell 52, 269-279, 1998; Annu. Rev. Cell Dev. Biol. 12, 
393-416, 1996), and for an antifungal immune response in 
an adult body (Cell 86, 973-983, 1996) . The Toll is a type-I 
transmembrane receptor with an extracellular domain 
including leucine-rich repeat s (LRRs) and this intracellular 
domain has been elucidated that it demonstrates high homology 
with that of mammalian interleukin-1 receptor (IL-lR) 
(Nature 351, 355-356, 1991; Annu. Rev. Cell Dev. Biol- 12, 
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393-416, 1996; J. Leukoc, Biol. 63, 650-657, 1998). 

Recently, mammalian homo logs of Toll , called Toll -like 
receptors (TLR) were identified, and heretofore , 10 families 
such as TLR2, TLR3, TLR4, TLR6, TLR7, TLR8, TLR9, and TLRIO 
have been reported {Nature 388, 394-397, 1997; Proc. Natl, 
Acad- Sci. USA 95, 588-593, 1998; Blood 91, 4020-4027, 1998; 
Gene 231, 59-65, 1999) . This TLR family is known that it 
recruits IL-lR-associated kinase (IRAK) through MyDS 8 which 
is an adapter protein as well as aforementioned IL-lR, and 
then activates downstream mitogen-act ivated protein (MAP) 
kinase and NF-kB which is a nuclear factor (J. Exp. Med. 
187 , 2097-2101, 1998; Mol . Cell 2, 253-258, 1998; Immunity 
11, 115-122, 1999) . In addition, it is also believed that 
the role of TLR family in mammals is related to innate immune 
recognition as a pattern recognition receptor (PRR) that 
recognizes the consensus structure of bacteria (Cell 91, 
295-298, 1997 ) . 

One of pathogen-associated molecular patterns ( PAMPs ) 
recognized by the aforementioned PRR is a lipopoly saccharide 
(LPS) which is a principal component of outer-membrane of 
Gram-negative bacteria (Cell91, 295-298, 19 97) . Itis known 
that host cells are stimulated by the LPS to generate various 

kinds of inflammatory cytokines such as TNF-a, IL-1 and IL-6 
and the like on the host cells (Adv. Immunol. 28, 293-450, 
1979, Annu, Rev. Immunol. 13, 437-457, 1995) , and LPS captured 
by LPS-binding protein (LBP) is delivered to CD14 on cell 
surface (Science 249, 1431-1433, 1990; Annu Rev. Iirjuunol . 
13, 4 3 7-457,1995). The present inventors generated 
knockout mice of TLR4 and reported that TLR4 knockout mice 
are unresponsive to LPS which is a principal component of 
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the aforementioned outer-membrane of Gram-negative bacteria 
(J. Immunol. 162, 3749-3752, 1999). They generated TLR2 
knockout mice and reported that macrophages of themselves 
lower the reactivity to Gram-positive bacteria cell walls 
or pept idoglycan which is a component thereof (Immunity^ 
11, 443-451, 1999) , and that biological reaction is Induced 
via TLR2 and JMyDSS signalling pathway (J. Immunol- 164, 
554-557, 2000) . 

Further, the present inventors compared/analyzed TLR5 
knockout mice, wild-type mice and TLR2 knockout mice to 
clarify that TLR6 is a receptor protein specifically 
recognizing mycoplasma -de rived lipoprotein/lipopeptide . 
They also found full length cDNA (GenBank Accession No. 
AF245704) for TLR9 and clarified that TLR9 is a receptor 
protein specifically recognizing bacterial DNA including 
unmetylated CpG sequence . Moreover, two new members of TLR7 
and TLR8 are registered to GenBank (Accession No. AF240467 
and AF246971) . 

On the other hand, imiquimod, which is an immune 
response-modulator that have been found when screening 
ant iherpe s virus activity, shows antivirus activity and 
antitumor activity in animal model. It is clarified this 
agent shows antivirus activity and antiproliferative 

activity by inducing cytokines such as IFN-a, IL-6 and IL-12, 
similarly to a secondary induction of IFN-y in various types 
of cells (J, Leukoc, Biol. 58, 365-372, 1995; J. Interferon 
Res, 1989; S2115, Antimicrob. Agents Chemother. 38, 
2059-2064, 1994; Am. J. Clin. Pathol. 102, 768-774, 1994), 
and that imiquimod stimulates NF-kB and MAP kina se (J. Immunol. 
165, 5552-5557, 2000; Mol. Cell. Biol. 15, 2207-2218, 1995) , 
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as well. In addition, imiquimod and its related compounds 
are known to inhibit the replication of type 2 herpes simplex 
virus and cytomegalovirus (J. Inf ect » Dis. 183, 844-849, 
2001; Antimicrob. Agents Chemother. 32, 578-83, 1988). In 
actual treatment, it is reported that imiquimod is effective 
for treating pudendal wart (condyloma acuminatum) caused 
by human papilloma virus (Sex. Transm. Infec. 76, 162-8, 
2000) , and that resiquimod which is a derivative of imiquimod, 
abbreviated as R-848 , is also effective for treating genital 
herpes (JAMA 285, 2182-2183, 2001) . The structural formulae 
of these imiquimod and R-848 that are imidazoquinoline group 
compounds are shown as follows: 
(Chemical formula 1) 




imiquimod R-848 



TLR families are known to be receptors, involved in 
recognizing the components of pathogens, and it has been 
clarified by the present inventors that the components 
derived from various kinds of bacteria and mycoses are 
recognized by TLR family, as mentioned above - Inotherwords, 
the present inventors have already generated TLR2-, TLR4~, 
TLR6-, and TLR9-deficient mice , and re vealed tha t TLR4 , TLR2 , 
TLR6, and TLR9 are receptors which respond to 
lipopolysaccharide (LPS) , to pepr idoglycan and lipopeptide 
derived from Gram-positive bacteria, to polypeptide of 
mycoplasma similarly to TLR2, and to bacterium DNA including 
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non-met hy late CpG sequence, respectively. However, it is 
still unknown which substances the other TLR family member 
such as TLR3, TLR7, TLR8 or TLRIO and the like recognizes. 
In addition^ proteins, which can recognize 

immunopotent iating synthetic compounds, have been unknown. 

The object of the present invention is to provide a 
relationship between each member of TLR family to signalling 
by stimulation with an immunopotent iating synthetic compound 
in vivo, particularly a non-human animal model unresponsive 
to synthetic compounds, wherein a gene function that encodes 
TLR7 recognizing immunopotent iating synthetic compounds 
lacks on its genomic locus, said compound being useful to 
elucidate the relationship of each TLR family member toward 
signalling by stimulation of immunopotent iating synthetic 
compounds in vivo, particularly the role of TLR7 in vivo, 
particularly a non-human animal wherein the gene function 
of TLR7 lacks on its genomic locus, a screening method for 
substances for inhibiting or a promoting a response to an 
immunopotent iating synthetic compound by using the 
above-mentioned non-human animal models, and a screening 
method for an immunopotentiat ing synthetic compound. 

The present inventors generated MyD8 8-def icient mice, 
and already reported that the macrophages derived from 
MyD88-def icient mice do not respond to any of TLR ligands 
when producing cytokines. Since it is not possible to 
confirm the response in cells of MyD8 8 -deficient mice, 
various kinds of compounds which might activate cells via 
TLR were examined. Large number of compounds were screened, 
and through the process of inducing cytokines from 
mononuclear leukocytes or macrophages, imida zoquinoline 



5 



CA 02468011 2004-05-21 



group compounds which might induce humoral immunity and 
cellular immunity^ i.e. imidazoquinoline group compounds 
such as imiquimod, R~-848 and the like which act on various 
cells and which are known as an immunopotent iat or inducing 

generation of inflammatory cytokines such as IFN-a, IL-6 
and lL-12 and the like were treated as target compounds. 
Meanwhile^ the primary structure of the protein of TLR7 is 
quite similar to that of TLR9 which recognizes microbial 
DNA. However^ the lack of reactivity to microbial DNA is 
not observed in TLR7-def icient mice as in TLR9-def icient 
mice . Then, TLR7- deficient miceofTLR family were generated, 
and the substances recognized by TLR7 were screened 
subsequently having a TLR7 as a target. 

Then, the present inventors stimulated TLR7-def icient 
mice with R-848 and found that induction of generation of 
inflammatory cytokines from macrophages, induction of 
proliferation of B cells, and induction of maturation of 
dendritic cells were not observed at all. Moreover, in 
macrophages derived from TLR7 -def icient mice , the activation 
of intracellular signals such as NF-kB, JNK, IRAK by 
stimulation with R-848 was not observed at all. This 
suggests that TLR7 is involved not only in recognition of 
components of pathogen but also of a synthetic compound. 
Considering that the reactivity to R-848 was completely 
defective also in MyD8 8-def icient mice, wherein I^yD88 is 
an adapter molecule that plays an essential role to TLR family 
signalling pathway, it was thought that TLR7 was an essential 
receptor for recognition of imidazoquinoline group compounds 
R-848, and imidazoquinoline group compounds R-848 exerted 
ad j uvant icity by signalling pathway via TLR7 -My D8 8 . As 
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imidazoquinoline group compounds R-848 has an intensive 
antiviral action and immunopotentiat ing effect for immune 
cells, and used for treating actually human pudendal wart 
caused by papilloma virus , it was thought that TLR7 -deficient 
mice could be not only a very useful model mice for elucidating 
the action mechanism of imidazoquinoline group compounds, 
but also to be a very useful model mice for clinical 
application of synthetic compound agents such as a 
therapeutic agent for viral infectious diseases, with TLR7 
as a target. The present invention has been completed based 
on the above-mentioned knowledge. 

Disclosure of -the Invenlrion 

The present invention relates to a non-human animal 
model unresponsive to an immunopotentiat ing synthetic 
compound, wherein a gene function that encodes TLR7 
recognizing an immunopotentiat ing synthetic compound is 
deficient on its genomic locus {'^1"); the non-^human animal 
model unresponsive to an immunopotentiat ing synthetic 
compound according to wherein the non-human animal is 

a rodent (^'2") ; the non-human animal model unresponsive to 
an immunopotent iat ing synthetic compound according to ^^2", 
wherein the rodent is a mouse ("""S^') ; the non-human animal 
model unresponsive to an immunopotent iat ing synthetic 
compound according to ^"3", wherein the mouse is a TLR7 
knockout mouse obtained by constructing a targeting vector 
by replacing whole or a part of a gene fragment of a gene 
site including an intracellular region and a transmembrane 
region of a TLR7 gene obtained by screening from a mouse 
gene library using a pr.obe derived from a mouse EST clone 
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with a plasmid including a poly A signal and a marker gene, 
by introducing the linearized targeting vector into 
embryonic stem cells, by microin j ect ing the targeted 
embryonic stem cell v^hose TLR7 gene function is deficient 
into a blastcyst of the mouse to generate a chimeric mouse, 
by intercrossing the chimeric mouse with a wild-type mouse 
to generate a heterozygote mouse, and by intercrossing the 

heterozygote mice ("M")/' the non-human animal model 
unresponsive to an immunopotent iat ing synthetic compound 
according to any one of ^^1" to "^M " , wherein the 
immunopotent iat ing synthetic compound is an 

imidazoquinoline group compound (^^5"), and the non-human 
animal model unresponsive to an immunopotent iat ing synthetic 
compound according to ^'5'^, wherein the imidazoquinoline 
group compound is R-848 (^"6") . 

The present invention also relates to a screening 
method for a substance for inhibiting or promoting a response 
to an immunopotent iating synthetic compound, wherein the 
response to the immunopotentiat ing synthetic compound in 
immune cells derived from the non-human animal model 
unresponsive to an immunopotent iat ing synthetic compound 
according to any one of ''^l" to ^'6" is measured/evaluated 
with the use of the aforementioned immune cells, a test 
substance and the immunopotent iat ing synthetic compound 
(^^7") ; a screening method for a substance for inhibiting 
or promoting a response to an immunopotentiating synthetic 
compound, wherein the response to the immunopotentiating 
synthetic compound of the non-human animal model 
unresponsive to an immunopotentiating synthetic compound 
according to any one of "1'' to ''6'' is measured/evaluated 
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with the use of aforementioned non-human animal model, a 
test substance and the immunopo tent ia ting synthetic compound 
(''8^'); a screening method for a substance for inhibiting 
or promoting a response to an immunopotent iat ing synthetic 
compound according to 7 " or ^^8", wherein the 
comparison/evaluation with a wild-type non-human animal as 
a control is performed in measurement /evaluation of the 
response to an immunopotent iat ing synthetic compound ('^9'^) ; 
the screening method for a substance for inhibiting or 
promoting a response to an immunopotentiat ing synthetic 
compound according to any one of "7" to ^^9"^ wherein the 
substance for inhibiting or promoting a response to an 
imm.unopotent i a t ing synthetic compound is an substance for 
inhibiting or promoting against a viral infectious disease 
{"'10") ; the screening method for a substance for inhibiting 
or promoting a response to an immunopotentiat ing synthetic 
compound according to any one of ^'7'^ to ''9'''^ wherein the 
substance for inhibiting or promoting a response to an 
immunopotentiat ing synthetic compound is an agonist or an 
antagonist to TLR7 (^'11''); the screening method for a 
substance for inhibiting or promoting a response to an 
immunopotent iat ing synthetic compound according to any one 
of ^^7'' to '"11", wherein the immunopotent iating synthetic 
compound is an imidazoquinoline group compound (""12") ; and 
the screening method for a substance for inhibiting or 
promoting a response to an immunopotent iat ing synthetic 
compound according to ''12", wherein the imidazoquinoline 
group compound is R~848 ("13"). 

The present invention further relates to a substance 
for inhibiting or promoting a response to an 
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immunopotentiat ing synthetic compound, obtained from the 
screening method for substances for inhibiting or promoting 
a response to an immunopotentiat ing synthetic compound 
according to any one of ^'7" to ^'13" {'^14")/ the substance 
for inhibiting or promoting a response to an 
immunopotentiat ing synthetic compound according to claim 
14, wherein the substance for inhibiting or promoting a 
response to an immunopotent iating synthetic compound is a 
substance for inhibiting or promoting against a viral 
infectious disease (''15"); the substance for inhibiting or 
promoting a response to an immunopotentiat ing synthetic 
compound according to ''14", wherein the substance for 
inhibiting or promoting a response to an immunopotent iating 
synthetic compound is an agonist or an antagonist to TLR7 
("16") - 

The present invention still further relates to a 
screening method for an immunopotentiat ing synthetic 
compound, wherein an immunopotentiat ing effect in immune 
cells derived from the non-human animal model unresponsive 
to an immnopotentiat ing synthetic compound according to any 
one of "1" to "6'' is measured/evaluated with the use of the 
aforementioned immune cells derived from the non-human 
animal model and a test synthetic compound ("17") ; a screening 
method for an immunopotentiat ing synthet ic compound, wherein 
the immunopotent iating effect in the non-human animal model 
unresponsive to an immunopotent iating synthetic compound 
according to any one of "1'' to ^'6", is measured/evaluated 
with the use of the aforementioned non-human animal model 
and a test synthetic compound ("18"); a screening method 
for an immunopotentiat ing synthetic compound, wherein the 
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immunopot ent iating effect in immune cells derived from the 
non-human animal model unrespons ive to an immunopotent iating 
synthetic compound according to any one of to '^6'', and 

in immune cells derived from the wild^-type non-human animal 
are measured/compared and evaluated with the use of immune 
cells derived from the aforementioned non-human animal model, 
immune cells derived from the wild-type non-human animal 
model as a control, and a test synthetic compound {""^19"); 
a screening method for an immunopot entiating synthetic 
compound, wherein the immunopotent iating effect in the 
non- human animal model unresponsive to an immunopotent iating 
synthetic compound according to any one of "1" to ^'6" and 
in the wild-type non-human animal are measured/compared and 
evaluated withtheuseof the aforementioned non -human animal 
model, the wild-type non-human animal model as a control, 
and a test synthetic compound (''20''); the screening method 
for the immunopot ent iating synthetic compound according to 
any one of "17'' to "20", wherein imiquimod or R-848 is a 
lead compound ("'21''); and an immunopotent iating synthetic 
compound obtained from the screening method according to 
^'21", wherein imiquimod or R-848 is used as a lead 
compound ( "^^22 ) . 

Brief Descrlp-kion of Drawings 

Fig. lis a figure that shows gene maps indicating mouse 
TLR7 gene locus, targeting vector and mutated allele by 
mutation . 

Fig . 2 is a photograph that shows the result of Southern 
blotting analysis of TLR7 knockout mouse of the present 
invent ion . 



11 



CA 02468011 2004-05-21 



Fig, 3 are photographs that show the result by Northern 
blotting analysis of TLR7 knockout mouse of the present 
invent ion . 

Fig. 4 is a figure that shows the result of generation 

of IFN-a^ TNF-a and IL-12 by administrating orally imiquimod 
and R-848 in BALB/c mouse (wild-type) , 

Fig. 5 is a figure that shows the result of generation 

of TNF-a and IL-12 by stimulation of imiquimod and R-848 
in the presence or absence of IFN-y in peritoneal macrophages 
derived from wild-type mice and MyDSB knockout mice . 

Fig. 6 is a figure that shows the result of generation 
of IL-12p40 by various kinds of ODN stimulation in peritoneal 
macrophages derived from TLR7 knockout mice and TLR9 knockout 
mice of the present invention. 

Fig. 7 is a figure that shows the result of generation 

of TNF-a by stimulation of chemical complex R-848, LPS, and 
ODN1688 in the presence or absence of IFN-y in peritoneal 
macrophages deri-ved from TLR7 knockout mice of the present 
invention. 

Fig. 8 is a figure that shows the result of generation 
of IL-12p40 by stimulation of chemical complex R-848^ LPS, 
and ODN1688 in the presence or absence of IFN-y in peritoneal 
macrophages from TLR7 knockout mice of the present invention . 

Fig. 9 is a figure that shows the result of generation 

of TNF-a, IL-6 and IL-12p40 by stimulation of R-848, LPS 
in the presence or absence of IFN-y in peritoneal macrophages 
derived from TLR7 knockout mice of the present invention. 

Fig. 10 is a figure that shows the result of the amount 
of [^H] thymidine incorporation by stimulation of R-848 and 
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CpGDNA in dendritic cells from born marrow derived from TLR7 
knockout mice of the present invention. 

Fig. 11 is a figure that shows the result of the 
expression on the cell surface of CD40, CD80 and CD86 
molecules by stimulation of R-848 and CpGDNA in dendritic 
cells from TLR7 knockout mice of the present invention. 

Fig. 12 are photographs that show the result of the 
activation of NF-kB by stimulation of R-848 and CpGDNA 
stimulation in macrophages derived from TLR7 knockout mice 
of the present invention- 
Fig. 13 are photographs that show the result of the 
transact ivation of NF-kB reporter genes induced by R'-848 
in macrophages derived from TLR7 knockout mice of the present 
invention . 

Fig* 14 is a figure that shows the result of the response 
in vivo to R-848 in TLR7 knockout mice of the present 
invention . 

B^st: Mode for Carrying Out the Invention 

As for the non-human animal model unresponsive to an 
immunopotent iat ing synthetic compound of the present 
invention^ it is not particularly limited as long as it is 
a non-human animal wherein a gene function encoding TLR7 
that recognizes an immunopotent iat ing synthetic compound 
lacks on its genomic locus. As for an immunopotentiat ing 
synthetic compound, any synthetic compound can be 
exemplified as long as it is an immunopotent iat ing synthetic 
compound which can be recognized by TLR7 , for example, an 
imidazoquinoline group compound, more specifically the 
above-mentioned imiquimod, R-848 and the like can be 
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exempli f led . 

Therefore, the non-human animal model unresponsive to 
a synthetic compound of the present invention relates to 
a non-human animal wherein the reactivity to stimulation 
by immuopotent iat ing synthetic compound of the living body, 
or the reactivity of the cells, tissues or organs constituting 
the living body is specifically decreased or deleted compared 
to wild-type non-human animal, for example an animal other 
than human such as mice, rats, rabbits and the like that 
has reactivity to stimulation by bacteria DNA having 
unmethylated CpG sequence , while the reactivity of the living 
body or the reactivity of the cells , tissues or organs 
constituting the living body to an immunopotent iat ing 
synthetic compound such as an imidazoquinoline group 
compound- is decreased or deleted, and a non-human animal which 
lacks .TLR7 gene function on its chromosone such as TLR7 
knockout mouse, can be specifically exemplified . Moreover, 
as for the aforementioned stimulation by an 
immunopotent iat ing synthetic compound, stimulation in vivo 
where an immunopotent iating synthetic compound is 
administered to a living body, stimulation in vitro wherein 
cells separated from a living body is contacted with an 
immunopotent iat ing synthetic compound and the like can be 
exemplified . 

Next, the generating method for a non-human animal 
model unresponsive to an immunnpoteintiat ing synthetic 
compound of the present invention will be explained, taking 
a TLR7 knockout mouse as an example. With a gene fragment 
obtained from a mouse gene library by PGR method or the like, 
a gene encoding TLR7 is screened, and the screened gene which 
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encodes TLR7 is subcloned with the use of a viral vector 
or the like and identified by DNA sequencing. A targeting 
vector is constructed by replacing whole or part of this 
gene encoding TLR7 with a pMClneo gene cassette or the like, 
and introducing a gene such as a diphtheria toxin A fragment 
(DT-A) gene or a herpes simplex virus thymidine kinase gene 
(HSV-tK) into S'-terminal side. 

This constructed targeting vector is linearized and 
introduced into ES cells by a method such as electroporat ion 
for homologous recombinationir and then selecting the ES cells 
which are homologously recombined by an antibiotic such as 
G418 or ganciclovir (GANG) among those recombinants. It 
is preferable to comfirm by Southern blotting analysis etc. 
whether this selected ES cells are the targeted recombinants . 
The clone of the confirmed ES cell is micr oingected into 
blastocyst of mouse, and the blastocyst is transplanted into 
a uterus of a recipient mouse to generate a chimeric mouse. 
A heterozygout mouse (Fl mouse: +/-) can be obtained by 
intercrossing this chimeric mouse with a wild-type mouse, 
and a TLR7 knockout mouse of the present invention can be 
generated by intercrossing these heterozygote mice. In 
addition, as a confirming method for whether TLR7 is produced 
in a TLR7 knockout mouse, a examining method by Northern 
blotting or the like by isolating RNA from the mouse obtained 
by the above-mentioned method, or a examining method for 
the expression of TLR7 in this mouse by Western blotting 
or the like can be exemplified. 

Moreover, it can be confirmed that generated TLR7 
knockout mouse was unresponsive to an immunopotent iaing 
synthetic compound, for example by contacting an 
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immunopot entiat ing synthetic compound with immune cells such 
as macrophages, mononuclear cells, or dendritic cells of 
TLR7 knockout mouse in vitro or in vivo, to measure the 

production level of TNF-a, IL-6, IL~12, IFN-y and the like 
in the cells, the proliferative response of splenic B cells^. 
expression level of antigens such as CD40, CDSQ , CD86, and 
MHC class II on the surface of splenic B cells, and activation 
of a molecule in signal tranduction pathway of TLR7 such 
as NF-kB, JNK, and IRAK. Thus, the TLR7 knockout mouse of 
the present invention can be a useful model on elucidating 
action mechanism of an immunopot ent i at ing synthetic compound, 
and devising a treatment strategy for viral infection. 

Meanwhile, homozygotic non-human animals born at the 
expected Mendelian ratios include TLR7-def icient types 
recognizing an immunopotent ia t ing synthetic compound and 
the wild-types of their littermates. Precise comparative 
experiments can be conducted at an individual level by using 
the deficient types and their littermates of wild-types in 
these homozygotic non-human animals simultaneously, 
therefore it is preferable to combine a wild-type non-human 
animal, preferably a wild-type non-human animal as the same 
species as the non-human animal whose gene function encoding 
TLR7 recognizing an immunopotent iating synthetic compound 
is deficient on its genomic locus, and its littermate, for 
example in screening substances for inhibiting or promoting 
a response to an immunopotentiat ing synthetic compound of 
the present invention, as described below. 

The non-human animal model unresponsive to an 
immunopotent iating synthetic compond of the present 
invention, and immune cells such as macrophages, splenic 
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cells and dendritic cells derived from the non-human animal 
model, can foe used for screening various kinds of viral 
infectious diseases by various kinds of viral infection such 
as herpesvirus, cytomegalovirus, and human papi llomavi rus , 
or for screening substances for inhibiting or promoting a 
response to an immunopotent iating synthetic compound such 
as an agonist or an antagonist to TLR7, besides for 
elucidating action mechanism of an immunopotent iating 
synthetic compound. The screening method for substances 
for inhibiting or promoting a response to viral infectious 
diseases such as pudendal wart, or substances for inhibiting 
or promoting a response to an immunpotent iating synthetic 
compound such as an agonist or an antagonist to TLR7 will 
be described with examples in the following. 

As for a screening method for substances for inhibiting 
or promoting a response to the immunpotentiat ing synthetic 
compound of the present invention, a method for 
measuring/evaluating the response to an immunopotent iating 
synthetic compound in the immune cells such as macrophages, 
splenic cells, and dendritic cells derived from the non- human 
animal model unresponsive to an immunopotent iating synthetic 
compound, with the use of the immune cells, a test substance, 
and an immunopotent i at ing synthetic compound, or a 
measuring/evaluating method for the response to an 
immunopotent iating synthetic compound in the non-human 
animal model with the use of the non-human animal model 
unresponsive to an immunopotent iating synthetic compound, 
a test substance, and an immunopot entiat ing synthetic 
compound, can be exemplified. 

As for the aforementioned screening method by using 
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immune cells derived from non~human animal model 
unresponsive to an immunopotent iat ing synthetic compound, 
a raethod of contacting immune cells obtained from the 
non-human animal model unreponsive to an immunopotent iating 
synthetic compound withatest substance beforehand in vitro, 
then culturing the immune cells in the presence of an 
immunopotent iat ing syntheitic compound, and 

measuring/evaluating the response to an immunopotent iating 
synthetic compound in the immune cells,, and a method of 
contacting immune cells obtained from the non-human animal 
model unresponsive to immunopotentiat ing synthetic compound 
with an immunopotent iating synthetinc compound beforehand 
in vitro, then culturing the immune cells in the presence 
of the test substance, and measuring/evaluating the response 
to an iramunopotentiating synthetic compound in the immune 
cells, can be exemplified- 

Further, a method of administering the test substance 
to the non-human animal model unresponsive to an 
immunopotentiat ing synthetic compound beforehand, and then 
culturing the immune cells obtained from the non-human animal 
in the presence of an immunopotent iat ing synthetic compound, 
and measuring/evaluating the response to the 
immunopotentiat ing synthetic compound in the immune cells, 
and a method of administering the test substance to the 
non -human animal model unresponsive to an immunopotent iating 
compound of the present invention beforehand, then 
administering the immunopotent iaing synthetic compound to 
the non-human animal, and measuring/evaluating the response 
to an immunopotentiat ing synthetic compound in the immune 
cells obtained from the non-human animal can be exemplified. 
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In addition^ a method of administering the 
immunopotentiat ing synthetic compound to the non-human 
animal model unresponsive to an immunopotentiat ing synthetic 
compound of the present invention beforehand, then culturing 
the immune cells obtained from the non-'human animal in the 
presence of the test substance, and measuring/evaluating 
the response to the immunopotentiat ing synthetic compound 
in the immune cells, and a method of administering the 
immunopotentiat ing synthetic compound to the non-human 
animal model unresponsive to an immunopo tent iat in synthetic 
compound of the present invention beforehand, then 
administering the test substance to the non-human animal, 
and measuring/evaluating the response to the 
immunopotent iating synthetic compound in the immune cells 
obtained from the non-human animal^ can be exemplified. 

On the otherhand, as for a measuring/evaluating method 
for the response to the immunopotentiat ing synthetic 
compound in the non-human animal model using the non-human 
animal model unr esnponsive to an immunopotentiat ing 
synthetic compound of the present invention, the test 
substance, and the immuopotent iating synthetic compound, 
a method of administering the test substance to the non-human 
animal model unresponsive to an immunopo tent iaing synthetic 
compound beforehand, then administering the 

immunopotent iating synthetic compound to the non-human 
animal model, and measuring/evaluating the response to an 
immunopotent iat ing synthetic compound in the non-human 
animal model, and a method for infecting the non-~human animal 
model unresponsive to an immunopo tentiat ing synthetic 
compound with the immunopot ent iat i ng synthetic compound 
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beforehand, then administering the test substance to the 
non-human animal model, and measuring/evaluating the 
response to the immunopot ent iating synthetic compound in 
the non-human animal models can be exemplified. 

The measurement /evaluation of the response to the 
immunopotentiat ing synthetic compound in the present 
invention relates to a measurement /evaluation of the 
function of a specific response to the immunopot ent inat ing 
synthetic compound, and signal transduction into the cells. 
As for a function of signal tranduction, a function for 

producing cytokine such as TNF-a, IL-Sf lL-12 and IFN-y/ 
a function of generating nitrite ion, a function of 
proliferating cells, a function of expressing antigen such 
as CD40, CD80, CD86 and MHC class II on the cell surface, 
a function of act ivating molecule in the signal transduction 
pathway of TLR7 such as NF-kB, JNK and IRAK, and the like 
can be specifically exemplified but it is not limited to 
these. Moreover, as mentioned above, in 

measuring/evaluating the response to the immunopot ent iat ing 
synthetic compound, it is preferable to measure /evaluate 
with the measured value of a non-human animal model, 
especially that of a non-human animal model of its littermate 
as a control, because dispersion by individual difference 
can be reduced. 

By using the non-human animal model unresponsive to 
an immunopot entia ting synthetic compound of the present 
invention, or the immune cells derived from the non-human 
animal model, it is possible to screen the immunopot ent iating 
synthetic compound. In other words, as for a screening 
method the immunopot ent iating synthetic compound of the 



20 



CA 02468011 2004-05-21 



present invention, it is not particularly limited as long 
as it is a method for measuring/evaluating the 
immunopotent iaing effect in the immune cells derived from 
the above-mentioned non-human animal model, using the immune 
cells derived from the non-human animal model unresponsive 
to an immunopotentiat ing synthetic compound of the present 
invention and a test synthetic compound, or a method for 
measuring/evaluating the immunopotent ina ting effect in the 
above-mentioned non-human animal model, using the non--human 
animal model unresponsive to an imminopotent iating synthetic 
compound of the present invention and the test synthetic 
compound. 

As for a screening method by using the above-mentioned 
immune cells derived from the non -human animal model , a method 
of contacting immune cells such as macrophages, splenic cells 
and dendritic cells obtained from the non-human animal model, 
with the test synthetic compound in vitro, and then 
measuring/evaluating immunopotent iat ing effect in the 
immune cells, andamethodof administering the test synthetic 
compound to the non-human animal model, and then 
measuring/evaluating immunopotent iat ing effect in the 
immune cells obtained from the non-human animal model, can 
be exemplified. 

As for a screening method by using the above-mentioned 
non-human animal model, a method of administering the test 
synthetic compound to the non-human animal model, and then 
measuring/evaluating immunopotentiat ing effect the animal 
model can be exemplified. 

The measurement/evaluation of immunopotent iat ing 
effect in the screening method for the immunopotent iat ing 
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synthetic compound of the present invention relates to 
measurment /evaluation of the level of function, for example, 
a function for producing cytokine such as IFN~a^ TNF-a, IL-6, 
lL-12 and IFN-Yi^ ^ function of producing nitrite oxide^ a 
function of proliferating cells, a function of expressing 
antigen such as CD40, CD80, CD86 and MHC class II on the 
cell surface, and a function for activating molecules in 
signalling pathway of TLR7 such as NF-kB, JNK and IRAK, in 
the immune cells derived from the non-human animal model 
unresponsive to an immunopotent iat ing synthetic compound. 
For instance, by using the method of combinatorial chemistry 
or the lijce, using imiquimod or R~848 as a lead compound, 
when the screening of the above-mentioned immunopotentiaing 
synthetic compound is performed and the behavior in the 
non-human animal model or in the immune cells derived from 
the non-human animal model is similar to that in using the 
lead compound, the test synthetic compound has a high 
possibility to be a candidate substance of the 
immunopotentiat ing synthetic compound. Further, the 
immunopotentiating synthetic compound obtained from the 
method for screening by using imiquimod or R-848 as a lead 
compound is included in the present invention. 

Further, by using the non-human animal model 
unresponsive to an immunopotentiating synthetic compounds 
of the present invention and the immune cells derived from 
the non-human animal model, and a wild-type non-human animal 
and the immune cells derived from the wild-type non-human 
animal as control, it is possible to screen the 
immunopotentiating synthetic compound. In other words, as 
for a screening method the immunopotentiating synthetic 
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compound unresponsive to an immunopotentiat ing synthetic 
compound of the present invention, it is not particularly 
limited as long as it is a method for meausing/comparing 
the immunopotentiating effect the non-human animal model 
unresponsive to an immunopotentiating synthetic compound 
of the present invention and that from a wild-type non-human 
animal with the use of the immune cells derived from the 
n on -human animal model unr espons ive t o an immunopotentiating 
synthetic compound of the present invention, the immune cells 
derived from the wild-type non-human animal model as a control 
and the test synthetic compound, or a method for 
measuring/comparing and evaluating the immunopotentiating 
effect in the non-human animal model and the wild-type 
non-human animal model with the use of the non-human animal 
model, the wild-type non-human animal as a control and the 
test synthetic compound. 

As for a screening method by using the aforementioned 
immune cells derived from the non-human animal model and 
those from the wild-type non-human animal as a control, a 
method of contacting the immune cells such as macrophages, 
splenic cells and dent ri tic cells obtained from the non- human 
animal model and the wild-type non-human animal with the 
test synthetic compound in vitro, respectively, and then 
measuring/comparing and evaluating the immunopotentiating 
effect in the immune cells, and a method for administering 
the test synthetic compound to the non-human animal model 
and the wild-type non-human animal, and then 
measur ing/comparig and evaluating the immunopotentiating 
effect in the immune cells obtained from the non-human animal 
model respectively and the wild-type non-human animal, can 
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be exemplified. 

As for a screening method by using the above-mentioned 
non-human animal model and the wild-type non-human animal 
as a control, a method of administering the test synthetic 
compound to the non-human animal model and the wild-type 
non -human anim.al respectively, and then measuring /comparing 
and evaluating the immunopotent iat ing effect in the 
non-human animal model and the wild-type non-human animal, 
can be exemplified. 

The measuring/comparing and evaluating of 
immunopotentiating effect in the screening method for 
immunopotentiating synthetic compound of the present 
invention relates to measure the level of for example, a 
function for producing cytokine such as IFN-a, TNF-a, IL-6, 
IL-12 and IFN-y^' a function for producing nitrite ion, a 
function for proliferating cells, a function of expressing 
antigen such as CD40, CD80, CD86 and MHC class II on the 
cell surface, and a function for activating molecules in 
signalling pathway of TLR7 such as NF-kB, JNK and IRAK, in 
the non-human animal model unresponsive to 
immunopotentiating synthetic compound or the immune cells 
derived from the non-human model animal and the wild-type 
non-human animal model or the immune cells derived from the 
wild-type non-human animal model as a control, respectively 
and to compare/evaluate the level of the function. For 
instance, the test synthetic compound which induces the 
generation of cytokine in the wild-type non-human animal, 
while it does not induce the generation of cytokine in the 
non-human animal model, has a high possibility to be a 
candidate substance for the immunopotentiating synthetic 
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compound. Further, by using the method of combinatorial 
chemistry or the like, using imiquimod or R-848 as a lead 
compound, when the screening of the aforementioned 
immunopotentiaing synthetic compound results in the 
similarity between the behavior in the non-human animal model 
or the immune cells derived from the non-human animal model, 
and that in the immune cells derived from the wild-type 
non-human animal or the non-human animal model as a control, 
the test synthetic compound has a high possibility to be 
a candidate substance for the immunopotent iating synthetic 
compound. Further, the immunopot entiating synthetic 
compound obtained from the h screening method with imiquimod 
or R-848 as a lead compound is included in the present 
invention . 

As it was revealed that TLR7 is involved in the 
recognition of the immunopotent iat ing synthetic compound, 
by the non-human animal model that lacks reactivity 
specifically to the immunopotent iat ing synthetic compound 
of the present invention, it is thought that the non-human 
animal model will become an extremely useful animal model 
in devising a treatment strategy for various kinds of viral 
infectious diseases by various kinds of viral infections 
such as herpesvirus, cytomegalovirus, and human 
papillomavirus, as well as in elucidating the action 
mechanism of the immunopotent iating synthetic compound. 
Moreover, there is a possibility for an agonist and an 
antagonist of TLR7 to be substances for inhibiting or 
promoting the aforementioned various kinds of viral 
infectious diseases, and useful substances for 
diagnose/treatm.ent for diseases and the like caused by 
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deletion or abnormality of TLR7 activity. 

The present invention will be explained more 
specifically with examples and reference example in the 
following^ but the technical scope of the invention is not 
limited to these examples and the like. 

The followings were used as reagents and the like in 
the examples. 

DNA derived from Escherichia coli and DNA derived from 
Micrococcus deikticus were purchased from Sigma, and further 
purified with phenol /chloroform extract. LPS derived from 
Salmonella minnesota Re-595 was purchased from Sigma, 
Mycoplasma polypeptide MALP-2 used was provided by Dr. Peter 
F- Muhlradt (Institute of Immunology, Philipps University, 
Germanny) was used. All of the used ODNs 

(oligodeoxynucleot ide ) were purchased from Hokkaido System 
Science Co., Ltd. In addition, the sequence and backbone 
of CpGDNA are as follows: 

Phosphorothioate 1 688 : t cc at ga eg t t ec t gat get (Seq. ID 

No . 1) 

D19: ggTGCATCGATGCAgggggg (Seq. ID No. 2) 

ACC-3 0: ACCGAT AACGTT GCCGGTGACGGCACCACG (Seq. ID No. 

3) 

Phosphodiester 1688 : TTCATG ACGTT CCTGATGCT (Seq. IDNo. 

4) 

The underlined portions show typical CpG motifs. Capital 
and lower-case letters indicate the phosphodiet ser backbone 
(natural backbone) and phosphothioat e modification, 
respectively . 

Reference Example 1 (Generation of MyD 88 knockout mice) 
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MyD 88 gene was screened from 12 9 /Sv J mouse gene library 
( St ratagene) , subcloned in pBluescript vector (Stratagene) , 
and identified by restriction mapping and DNA sequencing. 
Targeting vector was contructed by replacing 1.0-kb gene 
fragment with a neomycine resistant gene from pMClneo 
(Stratagene) . The replaced gene fragment included two exons 
encoding domain similar to the cytoplasmic domain of IL-lRacP 
(receptor accessory protein) . The neomycine resistant gene 
comprised a 1.1-kb S"" gene fragment of and a 5-2-kb 3' gene 
fragment as flanking sequences. Next, HSV-tk cassette was 
introduced to 3'^ terminal of the gene fragment. ES cell E 
14.1 was transfected with linealized marker vector, and 
selected with G418 and gansiclovir. The targeted ES clone 
comprising mutated MyD88 alleles was microin j ected into the 
blastocyst of C57BL/6mice- The obtained chimeric mice were 
crossed with C57BL/6 female mice in order to generate 
he tero zygote mice , The hetero zygote mice were intercrossed 
to obtain homozygotic mice, and thus MyD88 deficient mice 
were generated • My DBS knockout mice grewhealty, not showing 
abnormality by the age of 20 weeks. 

Reference Example 2 (Generation of TLR9 knockout mice) 

TLR9 genome DNA was isolated from 129/SvJ mouse gene 
library (Stratagene) with a probe derived from mouse TLR9 
gene (reg. AF245704), subcloned in pBluescript II SK (+) 
vector (Stratagene) , and identified by restriction mapping 
and DNA sequencing. Targeting vector was contructed by 
replacing 1.0-kb fragment encoding a part of LRR 
( leuicine-rich repeat) region with a neomycine resistant 
gene cassette (pMClneo; Stratagene) , and inserting herpes 
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simplex thymidine kinase (HSV-TK) as a negative selection 
marker. This targeting vector was linealized, 

electroporated into embryonic stem cells (ES cells), and 
the clones showing resistance to G418 and gansiclovir were 
selected- The targeted ES clones comprising mutated MyD88 
alleles were microin j ected into the blastocysts of C.57BL/6 
mice to generate chimeric mice. These chimeric male mice 
were crossed with C57BL/6 female mice to generate 
heterozygote Fl mice, and homozygotic mice (TLR9 knockout 
mice: TLR9 "^") were obtained by intercrossing the 
heterozygote Fl mice. TLR9 knockout mice grew healthy, not 
showing abnormality by the age of 20 weeks. 

Example 1 (Generation of TLR7 knockout mice) 

TLR7 genome DNA was screened with a probe (Seq. ID No . 
5) derived from human genome DNA seguence (reg, AC003045) 
comprising a human TLR7 gene from 129/SvJ mouse gene library 
(Stratagene) , subcloned in pBluescript II SK (+> vector 
(Stratagene) , and identified by restriction mapping and DNA 
sequencing. Targeting vector was contructed by replacing 
1,8-kb TLR7 gene fragment encoding a part of leuicine-rich 
repeat with a neomycine resistant gene cassette (pMCl-^neo; 
Stratagene) , and inserting herpes simplex thymidine kinase 
(HSV-TK) as a negative selection marker* The gene loci of 
mouse TLR7, the targeting vector, and mutated allele by 
mutation are shown in Fig. 1. In Fig. 1, " shows coding 
exons. The restriction enzymes used were Seal (So) and BamHI 
(B) . This targeting vector was linealized, electroporated 
into E 14,1 embryonic stem (ES) cells^ 340 clones showing 
resistance to G418 and gansiclovir were selected, and six 
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clones were screened by PGR method and Southern blotting. 

Three targeted ES clones comprising mutated TLR7 
alleles were microinj acted into the blastocyst of C57BL/6 
mice to generate chimeric mice wherein the mutated alleles 
were transduced through the germ cell line. These male 
chimeric mice were crossed with C57BL/6 female mice to 
generate female mice, all of the obtained female mice were 
heterozygote mice. This was because TLR7 was mapped to X 
genomic locus, and all of the germ cell lines were transducted ■ 
In order to generate TLR7 knockout mice, homozygotic mice 
(TLR7 knockout mice: TLR7 "^") were obtained by intercrossing 
the obtained heterozygote female mice with heterozygote mice 
(Fl) . In the meantime, ascertainment of homozygotic mice 
was conducted by digesting each genomic DNA extracted from 
murine tail with Seal and by Southern blotting by using probe 
shown in Fig, 1. By the results shown in Fig, 2, a 6- kb 
single band, a 5- kb band (-/Y), and both bands were shown 
in wild-type male mice (+/Y), hemizygous male mice, and 
hemizygous female mice, respectively* The TLR7 knockout 
mice of the present invention (TLR7 ~^~) could be generated 
according to Mendelian rate, not showing significant 
abnormality by 25th week. 

Example 2 {Preparation of peritoneal macrophage) 

2 ml of 4% thioglycollic acid medium (DIFCO) were 
injected into the intraper it oneals of the wild-type mice, 
TLR7 knockout mice (TLR7K0) , MyD88 knockout mice (MyDSSKO) 
and TLR9 knockout mice (TLR9KO) , respectively, three days 
later, peritoneal exudate cells were isolated from 
intraperitoneal of each mouse, these cells were cultured 
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in PRMI 1640 medium (GIBCO) added with 10% fatal bovine serum 
(GIBCO) at 37 °C for two hours, nonadherent cells were 
recovered by washing with Hank's buffered salt solution 
(HBBS; GIBCO) at iced temperature, and the adherent cells 
were used as peritoneal macrophages in following experiment • 
Total RNA (10 jig) obtained from macrophages derived from 
the wild-type mice (+/Y) and TLR7 knockout mouse (TLR7K0) 
was electrophoresed^ transferred onto a nylon membrane, and 
hybridized with a part of TLR7 DNA, and this membrane was 
rehybridized with p-actin probe. It was examined by the 
Northern blotting. From the results shown in Fig, 3, the 
expression of TLR7mRNA could not be found in TLR7 knockout 
mice . 

In addition, the measurement of cytokine generated from 
peritoneal macrophages was executed as follows; peritoneal 
macrophages of 2 x 10^ well or 5 x 10^ well were cultured 
in 96-well plate respectively, and after stimulated with 
the above-mentioned reagents for 24h, concentration of TNF-a, 
IL-12p40, IL-6 and/or IFN-a were measured by ELISA according 
to the manual - 

Example 3 {Activating immune cells by imida zoquinoline group 

compound) 

Before examining the reactivity of TLR7 knockout mice 
to imiquimod and R-848 which are imidazoquinoline group 
compound, firstly imiquimod or R-848 were administered to 
BALB/c mice (wild-type) orally at the predetermined 
concentration, respectively, the concentration of IFN-a, 
TNF-a and IL-12 in serum were measured after two hours. The 
results are shown in Fig. 4. As a result, the concentration 
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of IFN-a, TNF^ot and IL-12 in serum increased depending on 
applied dose. The data is shown as a mean value +/- S,D- 
(N=3) . Similarly, the ability of these compounds to act ivate 
immune cells via TLR was examined using imiquimod or R-848 
respectively. The peritoneal macrophages (5 x 10^ cells) 
from wild-type mice and MyD88 knockout mice prepared in 
example 2, were stimulated by imiquimod or R-848, in the 
presence or absence of 30 U/ml of IFN-y, and the concentration 

of TNF-a and IL-12 produced by peritoneal macrophages were 
measured by ELISA. The results are shown in Fig. 5. As a 
result, the macrophages derived from wild- type mice produced 

cytokines such as TNF-a and IL-12 in large amount, while 
the macrophages derived from MyD88 knockout mice hardly 
produced any cytokines, which led to elucidation that the 
cytokine produced from the peritoneal macrophages responding 
to imidazoquinoline group compounds, completely depends on 
MyD88 . These results also revealed that imiquimod and R-848 
activate immune cells via TLR- The data is shown as a mean 
value +/- S.D- (N=3). 

Example 4 (ODN stimulation in macrophage s derived from TLR7K0 
mice) 

Next, the peritoneal macrophages ( 5 x 10"* cells) derived 
fromTLR7 knockoutmice (TLR7K0) , TLR9 knockoutmice (TLR9K0) 
and wild-type mice were stimulated with CpGDNA 1668 
(phosphorothioate 1688), D19, AAC30, natural 1688 
(phosphodiester 1688) , genomic DNA derived from Escherichia 
Goli, or genomic DNA derived from Micrococcus deikticus at 
of a predetermined concentration in the presence (+) or 
absence (-) of 30 U/ml of IFN-y^ and the concentration of 
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IL-12p40 produced by production of peritoneal macrophages 
contained in cultured supernatant was measured by ELISA after 
24h of culture. The results are shown in Fig. 6 (in the 
figure, marks of * show detection limits and below) . As 
shown in Fig. 6, the production of IL-12p40 by various types 
of ODN stimulation in the peritoneal macrophages derived 
from TLR7 knockout mice was confirmed as in wild-type mice, 
while induction of production IL-12p40 was not confirmed 
in the peritoneal macrophages derived TLR9 knockout mice. 
The data is showing a mean value +/- S.D. Similar results 
were obtained by triplicate independent experiments* 

Examples ( Imidazoquinoline group compounds stimulation in 
the macrophages derived from TLR7K0 mice) 

Subsequently^ the peritoneal macrophages (5 x 10"* 
cells) derived from TLR7 knockoutmice (TLR7K0) andwild-type 
mice, were stimulated with imidazoquinoline group compound 
R-848, LPS and ODN 1688 (phosphorothioate 1688) at a 
predetermined concentration in the presence (-f) or absence 

(-) of 30 U/ml of IFN-Y/ and the concentration of TNF-a 
produced by peritoneal macrophages contained in cultured 
supernatant was measured by ELISA after 24h of culture. The 
results are shown in Fig. 7 (in the figure, marks of * show, 
detection limits and below). As shown in Fig. 7, the 
production of TNF-a by LPS and ODN 1688 stimulation in the 
peritoneal macrophages from TLR7 knockout mice was confirmed 

as in normal mice, while induction of production of TNF^a 
by imidazoquinoline group compound R-848 was not conf irmed. 
Similarly, the concentration of IL-12p40 produced by 
peritoneal macrophages contained in cultured supernatant 
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after 24h of culture was measured by ELISA. The result are 
shown in Fig. 8 (in the figure, marks of ^ show detection 
limits and below). As shown in Fig. 8, the production of 
IL-12p40 by LPS and ODN 1688 stimulation of in the peritoneal 
macrophages derived from TLR7 knockout mice were confirmed 
as in normal mice, while induction for production of IL--12p40 
by imi da zoqu incline group compound R-84 8 was not confirmed. 

Example 6 {Stimulation by imidazoquinoline group compounds 
in the macrophages derived from TLR7K0 mice) 

As TLR2 knockout mice, TLR4 knockout mice, TLR6 
knockout mice or TLR9 knockout mice which had already been 
generated by the present inventors, showed reactivity to 
imidazoquinoline group compounds, it was thought that TLR 
members except TLR2, TLR4, TLR6 and TLR9 were involved in 
recognizing the imidazoquinoline group compounds. 
Therefore, the reactivity of TLR7 knockout mice to R--848 
was examined to confirm whether TLR7 recognized 
imidazoquinoline group compound R-848 specifically. The 
peritoneal macrophages (5 x 10^ cells) derived from TLR7 
knockout mice (TLR7K0) and wild-type mice were stimulated 
with R-848 and LPS at a predetermined concentration in the 
presence ( + ) or absence (-) of 30 U/ml of IFN-Y/ the 

concentration of TNF~a, lL-6 and 1L-I2p40 produced by 
peritoneal macrophages contained in cultured supernatant 
was measured by ELISA after 24h of culture. The results 
are shown in Fig. 9 (in the figure, marks of * show detection 
limits and below). As shown in Fig. 9, the production of 

TNF-a, IL~6 and IL-12p40 LPS stimulation in the peritoneal 
macrophages from TLR7 knockout mice was confirmed as in the 
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wild-type mice, while induction for production of TNF-a, 
lL-6 and IL-12p40 was not confirmed by R-848 stimulation. 

Example 7 ( Imidazoquinoline group compounds stimulation in 
splenic cells derived from TLR7K0 mice) 

As activated phenotypes were proliferated and 
expressed by stimulating B~lymphocyt es with 

imidazoquinoline group compounds, the proliferation of 
splenic cells was examined (Cell. Immunol. 203, 55-62, 2000; 
J. Immunol. 165, 5552-5557, 2000). Splenic cells (5 x IC^ 
cells) derived from TLR7 knockoutmice (TL.R7K0) andwild-type 
mice were stimulated with R-848 and CpGDNA at a predetermined 
concentration, cultured for 48h (cultured by adding [^H] 
thymidine for last eight hours), and measured the level of 
thymidine incorporation using a p scintillation counter. 
The results are shown in Fig. 10. A mean value +/- S.D., 
obtained from representative experiment among triplicate 
experiments is shown. As shown in Fig. 10, splenic cells 
derived from, wild-type mice showed proliferation depending 
on concentration, by R-8 4 8 and stimulation . On the contrary, 
the splenic cells derived from TLR7 knockout mice 
proliferated depending on concentration by CpGDNA 
stimulation, while they did not show proliferation by 
stimulation of R--848. 

Example 8 (Imidazoquinoline group compounds stimulation 
in dendritic cells derived from TLR7 KO mice) 

The reactivity to R-848 in dendritic cells derived from 
bone marrow (B1N3DC) derived from TLR7 knockout m^ice (TLR7K0) 
and the wild-type mice was examined- The bone marrow cells 
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obtained from TLR7 knockout mice and wild-type mice were 
cultured for six days in RPMI-1640 medium supplemented with 
10% fatal bovine serum and 10 ng/ml of GM~CSF (mouse 
granulocyte/macrophage colony stimulating factor) , The 
obtained mouse undifferentiated dendritic cells were 
stimulated with R-848 or CpGDNA for 24h, the cells were 
stained with biotinylated antibody to CD40, CD80 and CD86, 
and phycoerythrin (PE) -assosiated streptavidin was detected, 
which was analyzed by automated-cell analysing system 
(FACSCalibur ) . The results of examination of the expression 
of the molecules of CD40, CD80 and CD86 onto the surface 
of cells by flow cytometry are shown in Fig. 11. Similar 
to the case with CpGDNA, when BHDC derived from wild-type 
mice was stimulated with R-848, upregulation of CD40, CD80 
and CD86 expression was induced. On the contrary, when BMDC 
derived from TLR7 knockout mice (TLR7K0) was s timulated with 
R-848, the expression of these molecules on cell surface 
was not enhanced. 

Example 9 (Induction of NF-kB complexes by imidazoquinoline 
group compounds stimulation.) 

Next, the activation of intracellular signalling 
cascade to an antiviral immune-modulator was examined. 
Peritoneal macrophages (2 x 10^ cells) from TLR7 knockout 
mice (TLR7K0) and wild-type mice respectively stimulated 
with thio glycol lie acid, were stimulated with 100 nM of R-848 
or 1,0 yM of CpGDNA 1668 (CpG) for a certain period of time, 
nucleoprotein was extracted^ the extract obtained with the 
specif ic probe includingNF-xB associated- site was incubated, 
electrophoresed, visualized by autoradiography, and NF-kB 
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activation was examined as DNA-associated protein by 
electrophoretic mobility shift assay (EMSA) . The results 
are shown in Fig. 12, In Fig. 12, an arrow indicates induced 
NF-kB complexes, and an arrow head indicates a free probe. 
As shown in Fig . 12, in the macrophages derived from wild-type 
mice, enhanced DNA avidity of NF-kB transcription,, 
activation of c-Jun N terminal kinase (JNK) , and 
phosphorylation of IRAK were induced when they were 
stimulated with imidazoquinoline group compound R-848 or 
CpGDNA. On the contrary, similarly to the macrophages 
derived from MyD88 knockout mice, all these signal event 
v/as completely destructed in macrophages derived from TLR7 
knockout mice, as well. 

Example 10 ( Transactivat ion of 3SIF-kB reporter gene by 
stimulation of imidazoquinoline group compounds.) 

The functional role of TLR7 in transact ivation of NF-kB 
reporter gene induced by R-848 was examined. HEK293 cells 
were transiently cotransf ected with TLR7 expression plasmids 
derived from human, and luciferase activity was measured 
before and after R-848 stimulation. The peritoneal 
macrophages derived from TLR7 knockout mice {TLR7K0) and 
wild-type mice stimulated with thioglycollic acid were 
stimulated with 100 nm of R-848 or 1.0 of phosphothioate 
modified CpGDNA 1668 {CpG}, all cell lysate were prepared, 
immunoprecipated with anti-JNK antibody, and JNK activity 
was examined by In Vitro Kinase Assay using GST-c- Jun fusion 
protein as a substrate. The results are shown in Fig. 13 
(top) . The same lysate was blotted with anti-JNK antibody. 
Moreover, the lysate was immunoprecipated with anti-IRAK, 
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and kinase activity of IRAK was examined by In Vitro Kinase 
Assay. The results are shown in Fig, 13 (bottom) . The same 
lysate was blotted with anti-IRAK antibody. As shown in 
Fig. 13, NF-KB-dependent promoter to R-848 was promoted by 
transfection with TLR7 . It is important to activate 
TLRV-MyDSS-dependent signal ' pathway for the effect of 
imidazoquinoline in vivo. 

Example 11 (Involvement of TLR7 in vivo) 

It was examined in vivo whether TLR7 was involved in 
a response to R-848. The wild-type mice, MyDBS knockout 
mice or TLR7 knockout mice were injected intraper itoneally 
with 50 nmoi of R-848, the sera were harvested after a 
predetermined period of time, and the concentration of I FN -a, 
TNF-a and IL12p40 in sera was determined by ELISA. The 
results are shown in Fig. 14. When wild™type mice were 
injected with R-848 intraper itoneally , the concentration 

of IFN-a, TNF-a and IL12p40 in sera increased significantly. 
On the contrary, the increment of these cytokines was not 
observed in TLR7 knockout mice. Similarly, iyiyD88 knockout 
mice did not show any reactivity to R-848. 

Industrial Applicability 

As the non-human animal model unresponsive to an 
immunopotentiating synthetic compound of the present 
invention is unresponsive to immunopotentiating synthetic 
compounds^ it can not only be a very useful mouse model to 
elucidate action mechanism of imidazoquinoline group 
compounds, but also be a very useful mouse model for applying 
agents made by synthetic compounds such as therapeutical 
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agents for viral infectious diseases targetting TLR7 to 
cl in i ca 1 use . 
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SEQUENCE LISTING 

<110> Japan Science and Technology Agency 
Akira, Shizuo 

Sumitomo Pharmaceuticals Company Limited 

<120> Non-human Model Animal Unresponsive to Immunopotent iating Synthetic 
Compound 

<130> 16447-17CA CC/gc 

<150> JP 2001-358295 
<151> 2001-11^22 

<160> 5 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 

Sequence rphosphorothioate 1668 

<400> 1 

tccatgacgt tcctgatgct 20 

<210> 2 

<211> 2C 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :D19 

<400> 2 

ggtgcatcga tgcagggggg 20 

<210> 3 

<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :AAC- 30 

<400> 3 

accgataacg ttgccggtga cggcaccacg 30 
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<210> 4 
<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : phosphodiester 
1668 

<400> 4 

ttcatgacgt tcctgatgct 20 



<210> 5 
<211> 430 
<212> DNA 

<213> Homo sapiens 
<400> 5 

gtaaaagagt ggcaagtaaa aaacatgggg ctctgattct cctgtaattg tgataattaa 60 
atatacacac aatcatgaca ttgagaagaa ctgcatttct acccttaaaa agtactggta 120 
catacagaaa tagggttaaa aaaaactcaa gctctctcta tatgagacca aaatgtacta 180 
gagttagttt agtgaaataa aaaaccagtc agctggccgg gcatggtggc tcatgcttgt 240 
aatcccagca ctttgggagg ccgaggcagg tggatcacga ggtcaggagt ttgagaccag 300 
tctggccaac atggtgaaac cccgtctgta ctaaaaatac aaaaattagc tgggcgtggt 360 
ggtgggtgcG tgtaatccca gctacttggg aggctgaggc aggagaatcg cttgaacccg 420 
ggaggtggag , 430 
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CLAIMS 



1. A non-hurtian animal model unresponsive to an 
immunopotent iat ing synthetic compound, wherein a gene 
function that encodes TLR7 recognizing an immunopotent ia ting 
synthetic compound is deficient on its genomic locus. 

2. The non-human animal model unresponsive to an 
immunopotentiat ing synthetic compound according to claim 

1, wherein the non-human animal is a rodent. 

3. The non-human animal model unresponsive to an 
immunopotentiat ing synthetic compound according to claim 

2, r wherein the rodent is a mouse. 

4 . The non-human animal model unresponsive to an 
immunopotentiat ing synthetic compound according to claim 

3, wherein the mouse is a TLR7 knockout mouse obtained by 



of a gene fragment of a gene site including an intracellular 
region and a transmembrane region of a TLR7 gene obtained 
by screening from a mouse gene library using a probe derived 
from a mouse EST clone with a plasmid including a poly A 
signal and a marker gene, by introducing the linealized 
targeting vector into a embryonic stem cell, by 
microin jecting the targeted embryonic stem cell whose TLR7 
gene function is deficient into a blastocyst of the mouse 
to generate a chimeric mouse, by intercrossing the chimeric 
mouse with a wild- type mouse to generate a hetero zygote mouse , 
and by intercrossing the heterozygote mice. 




a targeting vector by replacing whole or a part 
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5. The non-human animal model unresponsive to an 

immunopotentiat ing synthetic compound according to any one 
of claims 1 to 4, wherein the immunopotent iat ing synthetic 
compound is an imidazoquinoline group compound. 

6. The non-human animal model unresponsive to an 
immunopotentiating synthetic compound according to claim 
5, wherein the imidazoquinoline group compound is R-848. 

7. A screening method for a substance for inhibiting or 
promoting a response to an immunopotentiating synthetic 
compound, wherein the response to the immunopotentiating 
synthetic compound in immune cells derived from the non-human 
animal model unresponsive to an immunopotentiating synthetic 
compound according to any one of claims 1 to 6 is 
measured/evaluated with the use of said immune cells, a test 
substance and the immunopotentiating synthetic compound- 

8. A screening method for a substance for inhibiting or 
promoting a response to an immunopotentiating synthetic 
compound, wherein the response to the immunopotentiating 
synthetic compound of the non-human animal model 
unresponsive to an immunopotentiating synthetic compound 
according to any one of claims 1 to 6 is measured/evaluated 
with the use of said non-human animal model, a test substance 
and the immunopotentiating synthetic compound. 

9. A screening method for a substance for inhibiting or 
promoting a response to an immunopotentiating synthetic 
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compound according to claim 7 or 8, wherein the 
comparison/evaluation with a wild-type non-human animal as 
a control is performed in measurement /evaluation of the 
response to an immunopotentiat ing synthetic compound. 

10- The screening method for a substance for inhibiting 
or promoting a response to an immunopotent iating synthetic 
compound according to any one of claims 7 to 9^ wherein the 
substance for inhibiting or promoting a response to an 
immunopotent iating synthetic compound is a substance for 
inhibiting or promoting against a viral infectious disease- 

11. The screening method for a substance for inhibiting 
or romoting a response to an immunopotent iating synthetic 
compound according to any one of claims 7 to 9, wherein the 
substance for inhibiting or promoting a response to an 
immunopotent iating synthetic compound is an agonist or an 
antagonist to TLR7 , 

12. The screening method for a substance for inhibiting 
or promoting a response to an immunopotent iating synthetic 
compound according to any one of claims 7 to 11^ wherein 
the immunopotent iating synthetic compound is an 
imidazoquinoline group compound. 

13. The screening method for a substance for inhibiting 

or promoting a response to an immunopotentiat ing synthetic 
compound according to claim 12, wherein the imidazoquinoline 
group compound is R-848- 
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14- A substance for inhibiting or promoting a response to 
an immumopotentiat ing synthetic compound obtained from the 
screening method for a substance for inhibiting or promoting 
a response to an immunopot entiating synthetic compound 
according to any one of claims 7 to 13 • 

15. The substance for inhibiting or promoting a response 
to an immumcpotent iating synthetic compound according to 
claim 14^ wherein the substance for inhibiting or promoting 
a response to an immumopotentiat ing synthetic compound is 
a substance for inhibiting or promoting against a viral 
infectious disease. 

16. The substance for inhibiting or promoting a response 
to an immumcpotent iating synthetic compound according to 
claim 14, wherein the substance for inhibiting or promoting 
a response to an immumopotentiat ing synthetic compound is 
an agonist or an antagonist to TLR7 . 

17 . A screening method for an immunopotentiat ing synthetic 
compound, wherein an immunopotent iating effect in immune 
cells derived from the non-human animal model unresponsive 
to an immunopot entiating synthetic compound according to 
any one of claims 1 to 6 is measured/evaluated with the use 
of said immune cells derived from said animal model, and 
a test synthetic compound. 

18. A screening method for an immunopot ent i at ing synthetic 
compound, wherein the immunopot ent iat ing effect in the 
non-human animal model unresponsive to an immunopotentiat ing 
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synthetic compound according to any one of claims 1 to 6^ 
is measured/evaluated with the use of said non-human model 
and a test synthetic compound. 

19, A screening method for an immunopotent iat ing synthetic 
compound, wherein the immunopotentiat ing effect in immune 
cells derived from the animal model unresponsive to an 
immunopotent iat ing synthetic compound according to any one 
of claims 1 to 6, and immune cells derived from the wild-type 
non-human animal are measured/compared and evaluated with 
the use of immune cells derived from said non-human models 
immune cells derived from the wild-type non-^human animal 
as a control, and a test synthetic compound. 

20 . The screening method for an immunopotent iat ing synthetic 
compound, wherein the immunopotent iat ing effect in the 
no n -human animal model unresponsive to an immunopotentiat ing 
synthetic compound according to any one of claims 1 to 6, 
and in the wild-type non-human animal are measured/compared 
and evaluated with the use of said non-human animal model, 
the wild-type non-human animal as a control, and a test 
synthetic compound . 

21. The screening method for the immunopotent iating 
synthetic compound according to any one of claims 17 to 20, 
wherein imiquimod or R-848 is a lead compound. 

22 . An immunopotentiat ing synthetic compound obtained from 
the screening method according to claim21, wherein imiquimod 
or R-848 is used as a lead compound. 
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Figure 1 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 10 
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Figure 14 
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